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摘 要
地中海贫血又称珠蛋白生成障碍性贫血，早期的病例来自地中海地区，故称
为地中海贫血，是世界范围内影响最大的单基因病之一，遵循孟德尔遗传定律。
该病是由珠蛋白基因的缺失或点突变所致，根据其变异的肽链可分为α地贫和β
地贫。由于其基因缺陷的复杂、多样，使缺乏的珠蛋白链类型、数量、临床症状
变异较大。临床上对中、重度地中海贫血无行之有效的治疗方法，给社会、家庭、
个人带来了沉重的经济及精神负担。故有效检出地中海贫血患者、进行婚前孕前
指导、产前诊断、避免地中海贫血患儿的出生，有着极其重要的社会意义。
目前临床上常用的初筛方法主要有血常规和红细胞脆性实验、毛细管电泳、
高效液相色谱分析法，血液学结果不能确诊是否患有地中海贫血，确诊仍需基因
诊断。目前临床上广泛应用的地中海贫血基因诊断方法基本是以 PCR技术为基
础，其基本原理是根据特异引物、探针来检测珠蛋白基因突变和缺失。主要有跨
越断裂点 PCR技术、反向斑点杂交、突变扩增阻滞系统、高分辨率溶解曲线分
析技术、多重连接探针扩增技术、基因芯片等。上述集中基因诊断方法各有优缺
点， 其共同点是只能检测已知突变，对未知突变尚无能为力。基于各诊断方法
的利弊优缺及实验条件等客观要求，在选择诊断方法时，应综合考虑，以选出最
适合的方法。
在对2013年1月至2014年8月来我院住院或门诊的患者以及和健康体检人员
进行地中海贫血基因检测的3715份病例分析发现，血常规异常组中，还是有一定
比例的地中海贫血基因检测阴性。虽然这些年分子诊断技术发展迅速，相关分子
诊断如地中海贫血基因检测技术也日益成熟，但并不能检测所有地中海贫血所有
突变位点，存在临床地中海贫血漏筛，导致地中海贫血高危儿的出生的风险。
近些年来，高通量测序技术得到迅猛发展， 该技术能一次并行对几十万到
几百万条DNA分子进行序列测定，具有通量高、速度快的优点。随着其成本不
断降低、技术不断完善，已被广泛应用于临床及科研研究。提示我们可将有关技
术应用到具体临床中检测地中海贫血多种突变，本论文主要对二代测序检测地中
海贫血方法建立及可行性评估进行研究。本试验共发现两例突变，其中一例为新
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型突变。
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Abstract
Thalassemia also known as anemia cause by the dysfunction of globin
production ， early cases come from the Mediterranean region ， so is called
thalassemia，It is one of the largest single-gene disorders in the worldwide，follow
Mendel's genetics law。The disease is caused by a deletion or point mutations in
globin gene, according to the peptide chain of variation， it can be divided into
α-thalassemia and β-thalassemia。Due to the complexity and diverse of the genetic
defects,, so the type of the globin chain, the clinical symptoms varied greatly。There
no effective treatments for moderateand severe Mediterraneanin clinical practice，
which bring a heavy economic and mental burden to the community, family and
individuals。Therefore, check out the Mediterranean anemia patients effectively、
conduct premarital and preconception guidance、prenatal diagnosis, to avoid the birth
of the children with thalassemia, has an extremely important social significance.
The most commonly used methods in clinical screening is blood and red blood
cell fragility test, capillary electrophoresis, high performance liquid chromatography.
The results of the hematology can not confirmed whether one with
Mediterranean anemia,genetic diagnosis is still a definite diagnosis.Currently ，
mediterranean anemia gene diagnostic methods widely used in clinical is based on
basic PCR technique,The basic principle is based on the specific primers, probes to
detect globin gene mutations and deletions.There are Gap-PCR technology、reverse
dot blot hybridization、 amplification refractory mutation system、 high-resolution
melting curve analysis、multiplex ligation-dependent probe amplification、gene chips
and so on.These genetic diagnostic methods have advantages and disadvantages, their
common denominator is only detect the known mutations, but powerless for the
mutation still unknown。Based on the pros and cons of various diagnosis methods and
experimental conditions， when choosing diagnostic methods, we should take a
comprehensive consideration, in order to choose the most suitable method.
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We take genetic tests for hospitalized patients、clinic patients、healthy physical
examination personnel from January 2013 to August 2014,A total of 3715 cases.We
found that there still a certain percentage of thalassemia gene test negative in the
abnormal blood group.While we can not help but ponder that even there are rapid
development of molecular diagnosti techniques in the past decades,
thalassemia-related molecular diagnostic technology has become more sophisticated,
but it does not detect all thalassemia mutation sites, there is a leak screening for
thalassemia, which resulting in the birth of high-risk children of thalassemia.
In recent years, high throughput sequencing technology got rapid
development,the technology can be a parallel for hundreds of thousands to one
million DNA molecules, has the advantages of high flux, high speed.With its costs
continue to decrease, technology continues to improve,it has been widely used in
clinical and research studies. This technology can be applied to specific clinical
detection of Mediterranean anemia in a variety of mutations.In this paper, we mainly
research how to use next-generation sequencing to detect thalassemia,and to study the
feasibility.The test were found in two cases of mutation, in one case for the new
mutation.
Keywords: Thalassemia；Hematology diagnosis；Genetic diagnosis；Next Generation
Sequencing
厦
门
大
学
博
硕
士
论
文
摘
要
库
第一章 前言
1
第一章 前言
1.1 地中海贫血发病机制
地中海贫血（thalassemia）是由于珠蛋白基因缺失或突变，导致珠蛋白肽链
生成障碍，引起一种或几种珠蛋白肽链合成不足或完全缺乏而引起的一组溶血性
贫血，属常染色体隐形遗传病，遵循孟德尔遗传定律（图 1-1）。组成珠蛋白的肽
链有 4种，即α、β、γ、δ链，分别由其相应的基因编码，健康成人珠蛋白主要为
为 HbA（α2β2）,未成年人珠蛋白为 HbA2（α2δ2）,HbF（α2γ2）是出生前珠蛋
白的主要组成成分，通常根据受累珠蛋白基因将地中海贫血分为α、β、δβ和δ等
4种类型，其中α和β地中海贫血较常见。地中海贫血的分布具有明显的地区和种
族差异，认为与疟疾的抗性选择有关,由于早期的病例来自地中海地区，故称为
地中海贫血，地中海贫血是我国长江以南多省发病率最高、影响最大的单基因遗
传病之一，以贵州、广东、广西、四川、福建、海南、云南等省发病为高［1-4］。
图 1-1 孟德尔遗传定律
α珠蛋白基因位于 16 号染色体短臂近端粒的 GC丰富区，基因排列顺序为
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5'— ζ2— ψζ1— ψα2— ψα1— α2— α1— θ1— 3'，即含两个重复的α基因（α2、α1），
三个无功能的假基因（ψζ1、ψα2、ψα1）、一个胚胎期类α基因（ζ2）和一个目前
功能尚未知的θ1（图 1-2）。α地中海贫血是由于α珠蛋白的基因缺失或功能障碍导
致α珠蛋白肽链合成不足或不合成而引起，其分子缺陷有基因的大片段缺失突变
（其缺失范围从 3kb到 100kb不等）、单个碱基置换或几个核苷酸的缺失和（或）
插入引起的非缺失突变两大类，前者称为缺失型α地贫（ deletional
α-thalassemia），后者称为非缺失型α地贫（non-deletional α-thalassemia)。目前发
现α地贫至少有 81 种突变类型，其中包括 35 种缺失型和 46 种非缺失型α地贫。
根据能否产生α珠蛋白链缺失型α地贫可分为两大类：能产生部分α珠蛋白链者称
为α1地贫；完全不能产生者称为α0地贫。缺失型α地贫包括 6种α+地贫和 29种α0
地贫，中国人群中发现 3种α+地贫（—α3.7、—α4.2、—α2.7）和 4种α0地贫（—
—SEA、——HW、——THAI、——FIL），我国最常见的类型主要是——SEA 型
（东南亚缺失型）、——α3.7（右侧缺失）及——α4.2（左侧缺失）（图 1-2）。此外
根据缺失α珠蛋白基因数及临床轻重程度又可分为四种类型，即缺失 1个α珠蛋白
基因的静止型α地贫（—α/αα）、缺失 2个珠蛋白基因的轻型（标准型）α地贫（—
—/αα、—α/—α）、缺失 3个珠蛋白基因的血红蛋白 H病（——/—α）、4个珠蛋
白基因均缺失的 Hb Bart’s 胎儿水肿综合征（——/——）（表 1-1）［5-9］。非缺失型
α地贫的多种突变一般是通过影响 mRNA的加工、翻译或导致无功能的 mRNA
生成，影响α珠蛋白链的稳定性。目前中国人群中报道了六种类型，即αCSα、
αQSα、αCD31α、αCD59α、αCD30α和αCD22α，其中以αCSα最为常见［10］。
图 1-2 α珠蛋白基因结构及缺失类型示意图
表 1-1 α-地中海贫血分型
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类别 缺失基因 α珠蛋白链合成
正常 αα/αα 1
静止型 —α/αα、αα/—α 3/4
轻型（标准型） ——/αα、—α/—α 1/2
血红蛋白 H病 ——/—α 1/4
Bart’s综合征 ——/—— 0
β 珠 蛋 白 基 因 位 于 11 号 染 色 体 短 臂 上 ， 其 基 因 排 列 顺 序 为
5'—ε—Gγ—Aγ—ψβ1—δ—β—3'，覆盖 70kb，从 5'→3'，依次为胚胎期表达的ε
基因，胎儿期表达的γ基因，成年时表达的β 和 δ，无表达且为假基因状态ψβ2
和ψβ1［11］（图 1-3）。β-地中海贫血是由于β 珠蛋白基因遗传缺陷导致β 珠蛋白肽
链合成减少或缺失，其中β-珠蛋白肽链完全不能合成称为β0地中海贫血,能合成但
合成量少称为β+地中海贫血。β-地中海贫血同 α-地中海贫血有某些相似之处，即
也可分为缺失型突变和非缺失型突变两大类，所不同的是，β-地中海贫血以非缺
失型突变多见，缺失型突变仅占少数。迄今为止，世界范围内共发现 200余种β-
地中海贫血，缺失型仅有 10余种，其余均为点突变（一般为少数几个碱基的缺
失和插入），中国人群检出有 34种，常见的类型主要 41-42M/N，43M/N，654M/N，
17M/N，14-15M/N，-28M/N，-29M/N，71-72M/N，27-28M/N，βEM/N，IVSI-1M/N
等，占 90%以上。根据对β珠蛋白基因功能的影响来分，常见的β-地贫突变可分
为：RNA加工突变、转录突变、翻译突变、起始密码子突变、无义突变、移码
突变［3，12-13］。
图1-3 β 珠蛋白基因分子结构示意图
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1.2 地中海贫血基因突变谱［15］
表1-2 β-地中海贫血基因突变谱
Name HGVS nomenclature Name HGVS nomenclature
-87 (C->T) HBB:c.-137C>T -28 (A->G) HBB:c.-78A>G
-86 (C->G) HBB:c.-136C>G -28 (A->C) HBB:c.-78A>C
-86 (C->A) HBB:c.-136C>A -26 A>C HBB:c.-76A>C
-71 (C>T) HBB:c.-121C>T -25 (G>C) HBB:c.-75G>C
-50 G>A HBB:c.-100G>A CAP +1 (A->C) HBB:c.-50A>C
-32 (C>T) HBB:c.-82C>T 5'UTR; +22 (G->A) HBB:c.-29G>A
-32 (C->A) HBB:c.-82C>A 5'UTR; +33 (C->G) HBB:c.-18C>G
-31 (A->G) HBB:c.-81A>G Initiation CDA >G HBB:c.1A>G
-31 (A->C) HBB:c.-81A>C Initiation CDT>A HBB:c.2T>A
-30 (T->A) HBB:c.-80T>A Initiation CDT>C HBB:c.2T>C
-30 T>G HBB:c.-80T>G Initiation CDT>G HBB:c.2T>G
-30 (T->C) HBB:c.-80T>C Initiation CDG>A HBB:c.3G>A
-29 (A->G) HBB:c.-79A>G Initiation CDG>T HBB:c.3G>T
CD17 (A->T) HBB:c.52A>T IVS-I-128 (T->G) HBB:c.93-3T>G
Hb Malay HBB:c.59A>G IVS-I-129 (A>G) HBB:c.93-2A>G
CD22 (G->T) HBB:c.67G>T IVSI-129 (A>C) HBB:c.93-2A>C
CD24 (T->A) HBB:c.75T>A IVS-I-130 (G->C) HBB:c.93-1G>C
CD26 (G->T) HBB:c.79G>T IVS-I-130 (G->A) HBB:c.93-1G>A
Hb E HBB:c.79G>A CD30AGG->AGC HBB:c.93G>C
Hb Knossos HBB:c.82G>T Hb Medicine Lake HBB:c.[295G>A;98T>A
Hb Chesterfield HBB:c.86T>G CD35 (C->A) HBB:c.108C>A
CD29 (C->T) HBB:c.90C>T CD37 (TGG>TAG) HBB:c.113G>A
CD30 (A->G) HBB:c.91A>G CD37 (G->A) HBB:c.114G>A
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Name HGVS nomenclature Name HGVS nomenclature
CD30 A>C HBB:c.91A>C CD39 (C->T) HBB:c.118C>T
Hb Monroe HBB:c.92G>C CD43 (G->T) HBB:c.130G>T
IVS-I -1 (G->A) HBB:c.92G>A CD59 A>T HBB:c.178A>T
IVS-I-1 (G->A) HBB:c.92+1G>A Hb Cagliari HBB:c.182T>A
IVS-I-1 (G->T) HBB:c.92+1G>T CD61 (A->T) HBB:c.184A>T
IVS-I-2 (T->A) HBB:c.92+2T>A CD90 (G->T) HBB:c.271G>T
IVS-I-2 (T->G) HBB:c.92+2T>G IVS II-1 (G>T) HBB:c.315+1G>T
IVS-I-2 (T->C) HBB:c.92+2T>C IVS-II-1 (G->A) HBB:c.315+1G>A
IVS-I-5 (G->A) HBB:c.92+5G>A IVS-II-1 (G->C) HBB:c.315+1G>C
IVS-I-5 (G->C) HBB:c.92+5G>C IVS II-2 (T>C) HBB:c.315+2T>C
IVS-I-5 (G->T) HBB:c.92+5G>T IVS-II-2 (T>A) HBB:c.315+2T>A
IVS-I-5 (G->A) HBB:c.92+5G>A IVS-II-5 (G->C) HBB:c.315+5G>C
IVS-I-6 (T->C) HBB:c.92+6T>C IVS-II-654 (C->T) HBB:c.316-197C>T
IVS I-7 (A>T) HBB:c.92+7A>T IVS-II-705 (T->G) HBB:c.316-146T>G
IVS-I-110 (G->A) HBB:c.93-21G>A IVS II-726 (A>G) HBB:c.316-125A>G
IVS-I-116 (T->G) HBB:c.93-15T>G IVS-II-745 (C->G) HBB:c.316-106C>G
IVS II-761 A>G HBB:c.316-90A>G Poly A (A->G) HBB:c.*112A>G
IVS2-781 C>G HBB:c.316-70C>G Poly A (A) HBB:c.*112A>T
IVS-II-837 (T->G) HBB:c.316-14T>G Poly A (A->G) HBB:c.*113A>G
IVS-II-843 (T->G) HBB:c.316-8T>G CDS 2/3/4(-9 bp;
+31 bp)
HBB:c.7_15delinsCCT
GAGGTGAAGTCTGC
CTGAGGAGAAGTCT
IVS-II-844 (C->G) HBB:c.316-7C>G HbAntalya HBB:c.16delC;8_9insC
IVS-II-848 (C->A) HBB:c.316-3C>A CDS 8/9 (+AGAA) HBB:c.23_26dup
IVS-II-848 (C->G) HBB:c.316-3C>G CDS 7/8 (+G) HBB:c.24_25insG
IVS-II-849 (A->C) HBB:c.316-2A>C CDS 8/9 (+G) HBB:c.27_28insG
IVS-II-849 (A->G) HBB:c.316-2A>G CDS 9/10 (+T) HBB:c.30_31insT
IVS-II-850 (G->A) HBB:c.316-1G>A CDS 14/15 (+G) HBB:c.45_46insG
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